experiences severed vascular and nerve supply resulting in pulp death, especially in a mature permanent tooth with a closed apex. [4] [5] [6] Avulsion also causes tearing of the periodontal ligament (PDL) as the tooth is completely displaced from the socket, resulting in damage to the PDL cells. These cells form part of the attachment apparatus of the tooth, and hence, subsequent successful replantation of the avulsed tooth into its socket is greatly dependent on the presence of viable PDL cells on the root surface. 7 If an avulsed tooth is retrieved from the site of the accident, there are two possibilities in terms of management. The ideal situation involves meticulous handling of the avulsed tooth by the patient or an attendant (in case of a minor patient) and immediate replantation into the socket. This approach prevents any further damage to the PDL cells, and tissue repair is initiated immediately. The second scenario, much more frequently encountered, is the tooth not being immediately replanted, but rather brought to the dentist for replantation. 8 In the latter course of management, the avulsed tooth must not be allowed to dry and should be placed in a storage or transport medium as soon as possible, until it can be replanted. 9 This step is crucial in determining the subsequent outcome of replantation. An appropriate storage medium ensures the viability of the PDL cells present on the root surface of the avulsed teeth. Over the years, the composition, formulation, temperature, pH, and other aspects of many potential storage media have been the focus of research. 10 A wide variety of materials has been researched for their role as potential transport media 11 in the quest for finding the ideal medium which could maintain the viability of the PDL cells attached to the root surface of the avulsed tooth.
Without a suitable storage medium, the PDL cells are likely to experience further damage, resulting in poor prognosis for the replanted tooth. 5 Therefore, it is essential that the choice of storage medium for avulsed teeth is based on scientific observations.
The aim of the review was to identify the most recommended storage medium that can be utilized for storage and transport of avulsed teeth, based on PDL cell viability as determined by in vitro studies.
| MATERIALS AND METHODS
The PICO question was as follows: What is the most recommended medium to store and transport avulsed teeth?
The following PICO model for systematic reviews was applied:
Population: Human PDL cells (isolated from avulsed permanent teeth).
Intervention: Placement of PDL cells of an adult avulsed tooth in the storage medium.
Comparison: Placement in no storage medium, a different storage medium, or the same storage medium with variability in composition, concentration or temperature, serving as its own comparator.
Outcome: Survival of PDL cells in terms of viability, increase in numbers, no change in morphology, or any other positive outcome as determined by the laboratory parameters.
The protocol for the present review was registered with Prospero (an international prospective register for systematic reviews with registration ID: CRD42013003558). The literature search was conducted using three major health sciences databases, PubMed (NLM), CINAHL Final selection for review 67 additional search using Google Scholar was performed along with a hand search. Gray literature was not explored. The flowchart depicting the study selection methodology is shown in Figure 1 . The selection of the studies was completed according to the inclusion and exclusion criteria as stated in Table 1 .
The studies that fulfilled the basic inclusion criteria were assessed independently by four reviewers for their suitability. A customized data extraction form was developed to collect data from the included studies. Any titles that were duplicated or not pertaining to the research questions were excluded at this point, with reasons for exclusion identified on the form. The study was included if it met the initial criteria based on three key points; (i) Use of PDL cells, (ii) Use of some form of transport/storage medium, and (iii) The description of the outcome in terms of PDL cell survival. If the study failed to meet any one of the criteria, it was excluded from the review.
To assess the quality of the included studies, each item in the data extraction form was assigned a specific value, according to the amount of information that could be obtained from the individual study. These scores were then added, and the quality of the paper was graded as fair, good, or excellent according to the maximum score obtained. Extraction of data from the selected studies and their quality assessment was performed by four independent reviewers (SA, MML, SMH, and SEN). Each reviewer was also required to assess the data extraction form completed by other reviewers. Any discrepancy that arose during the data extraction or when assessing the quality of the research paper was resolved through discussion with a senior colleague (FRK) and mutual consensus developed. In the same manner, any risk of bias in the included study was also determined. The details of the studies included in the present systematic review are presented in Table 2 .
Data analysis was performed to report the storage medium recommended by the individual studies in terms of survival of the PDL cells (as determined under laboratory conditions using various methods of assessment). The reviewers were not blinded regarding the authors, journals, date of publication, or results.
| RESULTS
A total of 978 references were initially identified from the computerized search, but 843 were excluded after screening the titles. A further 68 studies which included case reports and assessment of clinical survival of teeth were excluded after further appraisal. Sixty-seven studies that assessed the PDL cells survival were finally included and analyzed. The full text was retrieved for 63 studies, while only abstracts were available for the remaining four studies.
For the purpose of data extraction and ease of analysis, the numerous storage media identified in the studies were divided into broad groups according to their formulation and composition. These groups included the following: Saliva and its variants, Milk and derivatives,
Hank's Balanced Salt solution (HBSS) and its variants, Saline and its variants, other specialized media and Natural products other than milk.
The list of these media along with the number of studies recommending each is shown in Specialized media were also recommended in some studies, [67] [68] [69] [70] [71] [72] [73] while saline and its variants were specifically recommended in four studies. [74] [75] [76] [77] There was only one recommendation for saliva. 78 The results are summarized in Table 3 . Overall, around one-third of the studies recommended multiple storage media rather than a single one.
The most common reason for recommendation was based on the ability of the medium to maintain PDL cell viability, while a small number of recommendations were based on ease of availability, low cost, and long shelf life of the storage medium. Only a few media were recommended on the basis of actually enhancing the viability of PDL cells. 23, 25, 26, 33, 70 The methods of assessing PDL cell viability were also evaluated, and Trypan blue staining was found to be the most frequently utilized laboratory technique to determine viable PDL cells (Figure 2 ).
In terms of the quality of included studies, 65 of the 67 studies were found to be in the "excellent" category, as these studies encompassed all the relevant information pertaining to the study question.
The risk of bias in studies was also assessed and is depicted in Figure 3 .
In regard to randomization, there was no mention of random sequence generation in any study; while 33% of the studies mentioned random allocation of samples. 12, 15, 16, 18, 19, 21, 23, 24, 27, 28, 32, 34, 53, 54, 58, [62] [63] [64] 71, 72, 74, 75 Where only abstracts could be retrieved, the risk of selective reporting was unclear. 39, 40, 43, 44, 67 However, no such bias could be detected in the full-text articles. As the included studies were laboratory experiments, all of the parameters for risk assessments of clinical trials could not be applied to them.
| DISCUSSION
Although there are numerous studies that have reviewed and compared media for the storage and transfer of avulsed teeth, 10, 11, 79 The present systematic review demonstrated that the most recommended transport medium for avulsed teeth is milk. Milk has a unique combination of nutrients, capable of maintaining PDL cell viability, and with its physiological pH of 6.5-7.2, it can be considered as the best storage medium in most situations. 80 The PDL cells have been shown to survive for 2-6 hours when immersed in milk. 81 Chilled milk or milk with a lower fat content is considered a better choice for storing avulsed teeth, but there are some impediments in using milk as a storage medium. The antigens present in milk could interfere with the process of reattachment of PDL cells when the tooth is replanted. 7 Moreover, the milk needs to be fresh and refrigerated. 20 Sour milk should not be used as it harmful to the PDL cells. 82 Recent studies 26, 28, 30, 32 have favored other natural media (other than milk) for storage of avulsed teeth, but the low cost, presence of nutrients, and ease of availability make milk a more practical choice than any other medium.
HBSS is a specially designed storage medium containing essential nutrients. 80 Although it is not easily available in most parts of the world, it is marketed in some countries as "Save-a-tooth" (Save-A-Tooth, PA, USA). It has shown to maintain PDL cell viability and has demonstrated clonogenic and mitogenic capacity of the PDL fibroblast, with replenishment of the lost metabolites. This ability has been documented to be sustained for up to 48 hours. It has been recommended that the avulsed tooth be placed in HBSS for 30 minutes before replantation into the socket, regardless of which storage medium the tooth was placed in prior to this procedure. 83, 84 Among the natural products other than milk, six studies recommended propolis, 12, 13, 27, [32] [33] [34] and five studies proposed coconut water as storage media for transporting avulsed teeth. 15, 16, 18, 26, 35 There were four recommendations for green tea extract. 17, 23, 30, 35 The rest of the media from this category were recommended in either only one or two studies. Although natural products other than milk had the largest number of studies recommending them as a group, when the single most recommended medium was explored, the number of recommendations for any specific medium was greatly diluted. No consensus was found for on a storage medium as being the best or ideal. Contrary to the fact that saliva is biological and easy available, saliva as a storage or transport medium for avulsed teeth was only recommended in one study, which recommended placing the avulsed tooth in saliva for not more than 30 minutes. 78 This is because the presence of enzymes and bacteria present in saliva exert harmful effects on the PDL cells.
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Propolis is a natural product with anti-inflammatory properties, and it is also known to maintain or enhance the PDL cell viability.
Various formulations of propolis have been studied. 12, 13, 32, 33 However, no consideration during its recommendation has been given to the ease of its availability or the cost.
The recommendation for coconut water is based on the maintenance of PDL cell viability, cost-effectiveness, and ease of availability.
Coconut water may be easily accessible in some parts of the world, 56 and this would make it a viable storage medium in case of an avulsion for some geographic locations. However, it cannot be recommended universally due to the practical limitations. Even if ease of availability is considered, the primary factor in recommending a storage medium, this may not hold true universally for every part of the world. This holds true for milk also, where some countries may not have pasteurized milk readily available. Therefore, a practical approach would be to identify a list of recommended media that can be used in a variety of locations and situations.
There was a wide variety of methods in the studies included in the present systematic review that was utilized for the assessment of F I G U R E 2 Laboratory methods used to assess the periodontal ligament cell survival (n = 67) Method used to assess PDL survival 18 It is considered one of the most accurate methods to detect the remaining viable cells. The cells can also be counted using hemocytometer in the same instance.
A disadvantage of using Trypan blue is that the dye is cytotoxic to some degree, and also stains the background which can result in inaccuracy when counting the cells. 53 Another method that was used to determine PDL cell viability was MTT assay (3-[4,5-dimethylthiazol-2
-yl]-2,5 diphenyltetrazolium bromide) which is basically a colorimetric test determining the metabolic activity of cells. This tetrazolium-based assay is useful because of its rapid results, objectivity, and ease of manipulation as well as immediate identification of viable PDL cells. 85 The results of MTT assay are comparable to the histological examination of the PDL cells in vitro. 86 The present systematic review attempted to answer the question of the most recommended storage medium using in vitro stud- Ideally, the most recommended storage medium should be able to not only maintain PDL cell viability but also enhance it. However, this enhancement of PDL cell viability was only observed in a few studies. 23, 25, 26, 33, 41, 70, 72 The actual number of cells that remained viable after being placed in the storage medium could not be compared in the selected studies because of the great variability in the methodology of studies. This technical heterogeneity made a generalized assumption next to impossible. The "best" medium encompassing all the ideal characteristics may yet to be identified, but this systematic review has managed to identify the most recommended storage media that can be used to store or transport avulsed teeth.
| CONCLUSIONS
Compared to synthetic products, natural products may be more effective in maintaining the PDL cell viability. Due to the wide variety of storage media assessed using variable methodologies, the included studies could not be compared in all aspects for the qualities of the storage media. However, the literature suggests milk as the most viable option in terms of PDL cell viability, ease of availability, and cost-effectiveness followed by HBSS. Among the natural products other than milk, propolis and coconut water were frequently recommended.
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